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Introduction1•
Intertemporal substitution in consumption 2 implies that a higher expected real interest rates make consumers defer consumption, ev erything else held constant. If consumer can be induced to postpone consumption by increases in interest rates, then movements in inter est rates will make consumption decline whenever other components *Ph.D � in Economics from the University of Illinois at Urbana-Champaign, cur rently with the World Bank. The views and opinions expressed by the author are not those of the World Bank,'or of its affiliated institutions. IThe a.uthor is grateful to William Maloney, Ann Villamil, Roger Koenker, Fran cisco Cribari-Neto, and Rodrigo Azevedo for helpful comments, and to the anony mous referees from this journal that improved and helped clarify the arguments developed in this paper. The usual disclaimers apply. 2I.e.,consumes willingness to substitute consumption tomorrow for consumption today.
of aggregate demand rise. This is particularly relevant in the case of financed government spending, as inter temporal substitution in consumption implies that a rise in the interest rates will automati cally induce higher debt holdings. Therefore, the magnitude of this intertemporal substitution effect is a central issue in macroeconomics.
For Brazil, the magnitude of this effect is particularly important given the costs associated with a policy of high real interest rates, where government is the principal debtor in the domestic financial market due to constant budget deficits. On the one hand, high real interest rates reduce the impact of the budget deficit and public debt on aggregate demand. On the hand, it increases the costs of govern-. ment borrowing in the domestic market and, therefore, the burden of the national debt.
This policy trade-off has received a considerable amount of atten tion, notably in the aftermath of failed heterodox stabilization pro grams. These so called heterodox stabilization programs managed to achieve rapid disinflation in the short-run, but success was short lived. Rapid disinflation was accompanied by bursts of consumption and increased demand for real assets, wich eventually contributed to the collapse of these programs.
The first consumption boom, wich occurred during the cruzado plan, was associated with expansionary monetary policy pursued by the central bank, aimed at reducing the weight of the public debt in the governments budget. The decline in nominal interest rates was believed to be too fast, however, and led to massive withdraw from savings and time deposits. Later programs tried to avoid the shift away from financial assets and into consumers goods, once indexation clauses where eliminated, by targeting high real interest rates after deindexation measures were introduced, and by imposing penal ties for early withdraw of deposits. Their efforts met little success, nevertheless.
Alternative explanations for the apparent small intertemporal elasticity of substitution were suggested. Pastore (1990) argued that consumption was unresponsive to interest rate policies because the central bank was selling treasury securities with repurchase agree ments and therefore the policy of high real interest rates did not in-duce more savings, nor impose penalties on early withdraws. Werlang and Neri (1990) and Neri (1990) developed the argument that sav ings behavior in Brazil was mostly aimed at buffering income against inflation and, therefore it was not the change in interest rates, but disinflation itself, that triggered the massive withdraw of savings de posits during the first heterodox program. Simonsen (1990) claimed that individuals demand indexed assets as hedge against the variance of relatives prices, which tends to increase with inflation. Thus, in periods of rapid disinflation they liquidate their portfolios of indexed assets and purchase consumer goods and real assets, as holding in dexed assets losses its purpose.
Despite the importance of the topic, the empirical literature re ports only two measure the intertemporal elasticity of substitution of consumption for Brazil. Leme and Malaga (1990) found no ev idence of intertemporal substitution in consumption for the period [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] .Their exercise however has several weak points. First, they disregard simultaneity problems involved in the estimation of Euler equations and report ordinary least squares (OLS) coefficients, in stead of instrumental variable estimates. Second, the fail to recognize that the theoretical framework they are testing ' implicitly assumes constant real interest rates, a condition hardly met by the Brazilian data. Finally, their test is built on a proxy for quarterly consumption derived from monthly data on employment in the consumption goods industry which is much less smooth, i.e., has a larger standard devia tion, than overlapping series derived from National Income Accounts.
Gleizer (1991) and (c) there was a shortening of the maturity of the domestic debt that led to the collapse of the term structure of interest rates, which in turn rendered the interest rate policy more effective. Drawing from a more recent and accurate estimate for quarterly private consumption in Brazil, this paper pursues an empirical in vestigation of the correlation between the time series of private con sumption and real interest rates during the 1980-89 period. More specifically, the paper examines alternative formulations of the Euler equation approach in order to assess the magnitude of the intertem poral substitution effect.
The rest of this paper is organized as follows. Section 2 reviews the literature on intertemporal substitution in consumption and the efforts to reconcile the evidence from the data with the theory. Sec tion 3 presents three models of intertemporal substitution in con sumption. Section 4 empirically implements these models. Section 5 discusses the specificities of the Brazilian case. Section 6 examines the welfare effects of liquidity constraints. And section 7 closes the paper with the main conclusions3• 2. Literature Review.
Intertemporal substitution in consumption is the corner stone of the permanent income hypothesis first presented in Friedman (1957) , and later recast by Hall (1978) in a intertemporal maximization framework. Consumption was modeled as obeying the first order con dition for the optimal choice of a single, fully informed and forward looking consumer; also called the Euler equation approach. Hall's ba sic proposition was that the marginal utility of consumption should be a trended random walk when interest rates are constant over time. This implied that expected changes in consumption were small and linearly dependent on the ex-ante real interest rate.
The assumption of constant real interest rates was however the main weakness of Hall's framework. Mankiw (1981) improved upon 3In addition, there are two appendices. The first appendix present the statistical diagnostic tests, and the second appendix provides the data sources used in this chapter.
this test of the permanent income hypothesis by allowing the ex post real interest rate into the simple intertemporal maximization framework, yet failed to find econometric support for the restrictions implied by the Euler equation.
Later empirical work followed the same path. Sin gleton (1982, 1983 ) estimated a significant and correctly signed in tertemporal elasticity of substitution, however the restrictions im plied by the orthogonality conditions of the instruments were vio lated. Hall (1988) studied the US twentieth century consumption data and found no strong evidence that the intertemporal elasticity of substitution was positive for permanent income consumers. Mean while, Flavin (1981 Flavin ( , 1985 and Mankiw (1989, 1990) argued that consumption was too sensitive to present income to be consistent with intertemporal substitutability alone.
The failure of the Euler equation to explain the joint time series of consumption and asset returns produced three lines of research4• A first line of research has suggested that the data on aggregate con sumption is best viewed as generated not by a single forward looking consumer but by two types of consumers. One type of consumer that is forward looking and substitutes consumption intertemporally in response to interest rates movements. And another type of con sumer who is liquidity constrained and follows a "rule of thumb" of consuming his current income (Flavin 1981 (Flavin , 1985 Mankiw, 1989, 1991; Hall and Mishkin, 1982; Hayashi, 1987) . Aggre gate consumption therefore would be a weighted average of current and permanent income. Mankiw (1989, 1991) report estimates of this model for six developed countries5• For all of these countries, ex cept Japan, changes in aggregate consumption respond to changes in carrent income. The fraction of liquidity constrained consumers <1 A fo urth line of research that preceded �he Euler equation studies was the Ricardian equivalence hypothesis pioneered by Barro (1974) . Barro con solida.ted private and government accounts and suggested that, given disposable income and wealth (including government debt), intertemporal shifts in the pat-. tern 0 f taxes, with no change in their present value, produced shifts in the pattern of consumption. 5Canada, France, Japan, 'Sweden, United Kingdom and United States.
lies in the range from 20% in Canada to nearly 100% in France, with Sweden, the U.S., and the U.K. falling in between. However, when they account for liquidity constraints, the effect of interest rates on consumption is negligible in most of these countries.
The second line of research focused on possible specification er rors. In particular, if variables other than consumption have an im pact on its marginal utility. That is, the household utility may be nonseparable between consumption and some other variable.
Four candidates for nonseparability received attention in the literature.
Bernanke (1985) examined the relationship between household� nondurables and service expenditure and their stocks of durable goods. Mankiw, Rotemberg and Summers (1985) , and Eichenbaum, Hansen and Singleton (1988) looked for evidence of nonseparability between consumption and labor supply. Auschauer (1985) and Bean (1986) checked for nonseparability between con sumption and government purchases. And Arrau (1990), Koening (1990) and Poterba and Rotemberg (1987) investigated the relation ship between consumption and money holdings.
Only the two last candidates claimed to have fared well in em pirical test. However, the nonseparability between public and private consumption claimed by Auschauer (1985) was later not confirmed by , while evidence on the money in the utility function approach is mixed.
The results on the money in the utility function approach re ported by Poterba and Rotemberg (1987) implied a negative rela tionship between consumption and liquid assets. Koening (1990) im proved upon their analysis by, among other things, correctly specify ing the utility function6, and found that households in the US tend to concentrate their consumption expenditures in intervals during which holdings of liquid assets are larger. Arrau (1990) performed a similar test for Chile and Mexico and found that the intertempo ral elasticity of substitution for these countries was larger than one 6Koening (1990) allows for two types of drift terms in the household's utility function. The first drift term captures the tendency for consumption to become more or less valued through time. The second drift term allows the valuation of money relative to consumption to rise or fall over the period.
and statistically significant when he included money in the utility function, while the intratemporal elasticity of substitution, although statistically significant, was less than one and relatively small7• A third extension questioned the use of expected utility as a cri teria by which consumers would rank different income streams (Ep stein and Zin, 1989, 1991; Farmer, 1990; and Weil 1990) . Expected utility maximization implies a rigid inverse link between the elasticity of substitution and risk aversion, which should be established empiri cally rather than imposed by the choice of a utility function. Drawing from a more general theory provided by Kreps and Porteus (1978) , who relax the indifference with respect to resolution of uncertainty about consumption streams implied by expected utility maximiza tion, they obtain a more general model in which risk aversion and intertemporal elasticity of substitution are decoupled.
This last approach requires a precise definition of the assets in cluded as private wealth, which makes it difficult to implement empir ically for developing countries where there is not enough information on assets privately held abroad. Therefore, we chose to disregard this formulation in our empirical investigation and focus on the three first methods of estimating the intertemporal elasticity of substitu tion, namely (a) the unconstrained Euler equation, where individuals maximize consumption Intertemporally subject only to the lifetime budget constraint; (b) the Euler equation that allows a fraction of the consumers to be credit constrained; and (c) the money in the utility function approach. In the next section we present the mod els associated with these three approaches and Section 4 empirically implements the models for Brazil.
3. The Models.
We begin with the permanent income hypothesis model first de rived by Hall (1978) and later developed by Mankiw (1981) , where the individual's lifetime utility at time s is given by:
7 One unattractive feature of Arrau's results is that, in the absence of a co integr ation theory between the variables of the model, he assumed that the trend in the variables were deterministic and some how compensate each other to yield statio nary errors.
where {j is the rate of time preference, 08 is real consumption at time s, and a is the coefficient of relative risk aversion. The form of the utility function is a standard von Neumann-Morgenstern utility function with constant relative risk aversion.
If complete markets exist, the only binding constraint on the consumer's utility maximization problem is the lifetime budget con straint.
where r .+ 1 is the real rate of interest, defined as the ratio between the nominal interest rate and consumer price inflation, both denoted between period sand s + 1.
The necessary condition for optimality of a household's consump tion plan is that the household be indifferent between one unit of consumption at time sand (1 + r.+ 1 ) units of consumption at time s + 1. [ {j( 0�:1 )_a .r.+! ] = 1 (5) where E a is the expectation operator. The realized value of the equa tion �5) above must obey:
Equation (6) provides uS with the relationship between consump tion and ex-post real interest rates, and we estimate (6) to recover the intertemporal elasticity of consumption 1/ Ct.
Next, turning to the credit rationing modification of equation (6), consider that one group of consumers follows the intertemporal optimization rule, while another group is constrained to consume at their current level of income. The later part captures the fraction of consumers that are at a corner solution because they are excluded from credit markets. Thus, changes in the log of consumption in period s by optimizing and credit rationed consumers are given, re spectively, by: where the superscripts 0 and c stand for optimizing individuals and credit constrained individuals, respectively.
(7) (8)
Equations (7) and (8) simply state that optimizing individuals plan to consume according to their permanent income, while credit constrained consumers are constrained to consume their current in come.
In order to identify the consumption allocated to each group, some simplifying assumptions are needed. Assume that a fraction 7 of total income is received by credit rationed consumers, i.e.,
Moreover, assume that a fraction (1-7) of total consumption is made by op timizing consumers, i.e., R. de Econometria 13(2) novembro 1993/abril 1994 (10) Then the total consumption in period s + 1 is given by:
(11) Normalizing (11) and re-writing it in a stochastic setting yields:
(1-7") 08 yfor 8+1 The realized value of equation (12) must obey:
(12) (13) Equation (13) provides us with the relationship between con sumption, interest rates and current income , and we estimate (13) to recover the intertemporal elasticity of consumption (l/a) and the fraction of consumers that the are constrained to consume their cur rent level of income (7"). [(1+r8+1 ) ' V8+1] = 1
(1 +8). V. (14) where E . is the expectation operator, V. is the marginal utility of consumption, and 0 is the rate of subjective tinle preference.
The realized value of the equation above must obey:
Ta king the logarithm of both sides and using the Taylor approx imation for log (1 + x), we can rewrite equation (15) 
where ao= 1/2 . (; 2 -8/a,al = 1/a,a 2 =f3/a, andu, = l/a· (1/2· e; -1/2 · (; 2 -es). Equation (19) provides us with the relation between the log of consumption, the ex-post real interest rate and changes in the log of real money balances. We estimate (19) to recover the intertemporal elasticity of substitution (l/a) and the intratemporal elasticity of substitution between consumption and liquidity services (f3 / a). .
Equations (6), (13) and (19) provide the basic framework to estimate (a) the magnitude of the intertemporal substitutability in consumption; (b) the fraction of the consumers that are in a corner solution and therefore are constrained to consume their current level of income; and (c) the intratemporal elasticity of substitution between consumption and liquidity services. In the next section we empirically implement these models.
Empirical Implementation.
Before we can estimate these models, three specification issues that arise from the nature of the aggregate time series need to be addressed. The first issue relates to the fact that equation (6) We deal with this problem by lagging the instruments more than one period in order to obtain a test of the models that is valid for time-averaged data.
The third specification issue concerns the presence of unit roots in the time series of the models. Unit roots in time series imply that they are not stationary and this violates the assumptions of classical regression analysis. Therefore we transformed the variables in order to make the time series stationary by first-differencing their logs.
8 Le., we assume that E(et+l/I,) = 0; E(er + I /lt) = 0' 2 ; and therefore e'+I is uncorrelated with any variable known in time t. We test for the orthogonality of the instruments by regress"ing the residual from the instrumental variables regression on the instruments, and then compar� ing T times R2 from this regression, where T is the sample size, with the X2 distribution with (k -1) degrees of freedom. The test statistic is reported in Working (1960) and was implemented in a similar setting by Mankiw (1989 and . Under a policy of lagged or imperfect indexation, real earnings had a saw edged time series pattern. The real value of earnings reaches its highest bound just after they have been adjusted to past infl ation, and its lowest bound just before its adjustment to past inflation.
The straight line at 90 represents average earnings when the rate of inflation is constant and also the ideal path of consumption. Hence, the household would save the amount represented by the area above the line during the first months following the wage agreement, in order to dissave during the months before the readjustment to infl ation, where wages were below the line, and therefore smooth consumption.
The most important result is the intertemporal elasticity of sub stitution. The coefficient is statistically significant only when we ac-
W�-"--, , Consumption count for the liquidity constrained consumers, and even in this case the intertemporal elasticity of substitution is less than one. This suggests that, for the share of the consumer population that is not liquidity constrained, an increase in the income effect of an increase in real interest rates outweighs the substitution effect. We exam· ine an interpretation for an estimated income effect larger than the substitution effect in the next section.
The income and the substitution effects.
In this section we examine one possible reason for an estimated elasticity of substitution smaller than one. The basic argument de veloped in this section can be-made by simply inspecting a Slutsky equation, that decomposes the change in demand due to an interest rate change into the income and the substitution effects.
Consider a rise in interest rates which will raise the price of consumption today as compared to consumption tomorrow:
The first term in the right-hand side denotes the substitution effect and always works opposite the direction of price. Therefore, it has a . negative sign. The last term on the right hand side, how consumption changes as income changes, will be positive provided consumption this period is a normal good. The whole expression will depend on the sign of ( y -c ).
For a borrower, this term is negative and therefore the whole expression is unambiguously negative. An increase in interest rates will lower today's consumption. For a lender, however, the effect is ambiguous. If the income effect outweighs the substitution effect, an increase in interest rates may lead the lender to consume today.
As an estimated elasticity of substitution smaller than one im plies that the income effect outweighs the substitution effect, what remains to be shown is how such a large percentage of the Brazilian consumer population (68%) became net lenders. The argument can be made if we understand how the market for government securities works in Brazil.
Primary and secondary markets for Brazilian government securi ties emerged in the early 1970. These securities provided a convenient source of funds for the government in face of shrinking demand for money due to inflation, as they permitted agents to maintain rela.
tively high yields and liquidity without resorting to nonfinancial and foreign assets. Although the availability of treasury bills and indexed bonds contributed to the falling demand for money, the miuimum de nomination and transaction costs associated with holding and trading these instruments ensured that most agents would retain funds in zero or low-interest accounts.
In the early 1980s the Brazilian government lost access to the foreign credit market and, in order to continue funding its budget deficit the government resorted to increase borrowing in the domes tic market. It did so, in part, by gradually reducing the minimum denomination for holding and trading in government securities. Fur thermore, it allowed financial institutions to use savings and time deposits to back their portfolio of government securities, and did so by issuing repurchase agreements that could be used whenever the in vestors decided to withdraw the deposits from these institution. The end result was that money balances (currency plus demand deposits)
as a percentage of GPD fell from 9.32% in 1980 to 2.21% in 1989. Figure 2 provides a graphical description of this phenomena.
Money holdings (currency plus demand deposits) accentuate their secular decline during the 1980s, except for the period of rapid dis inflation of the cruzado plan in 1986. Meanwhile, indexed assets (Le., public debt held outside the central bank, savings deposits, and time deposits) increase their share in the universe of financial assets of the economy. Thus, financial assets other than money holdings were being used by the population as a unit of account and a store of value, typical functions of money.
Being a net lender vis-a.-vis the government did not imply that these households were accumulating assets. These households dis saved as often as they saved, since they saved during the first months followings the wage agreement, in order to dissave in the months before the wage adjustment to past inflation and, hence, smooth con sumption.
However, since government debt was an increasing share of do mestic income during all of this period, except for the year of the cruzado plan (1986), this implied that at the aggregate level house holds where becoming net lenders. They did so, in part, by reducing current consumption -the substitution affect -and in part by shift ing their money holdings into indexed assets, which allowed them to capture the income effect. As a result of the deepening of this pro cess by the end of the decade the income effect had outweighed the substitution effect.
6. Welfare implications of liquidity constraints. The works of Cochrane (1989) and Thaler (1990) have argued that empirical studies on aggregate consumption identify deviations (22) is zero for any perturbation from the optimal consumption plan. Utility costs can therefore be approximated by considering the second sum on the right hand side of (22). The expectation of the first element of this sum, divided by u' to convert into dollars and then divided by 0; to express the per-period utility loss as a fraction of optimal consumption, is
where the equality in the last line assumes that the agent has power utility with relative risk aversion a (see equation 2), and that the proportional difference between actual and optimal consumption can be approximated by the log difference. 
The average utility loss across both groups of consumers, L 2 , is r L3• For small values of r, there can be large differences between the utility loss measures because L 1 = r L 2 = r 2 L3.
Ta ble 2 reports utility loss measures corresponding to the esti mate of liquidity constrained consumers of 32% reported in Table 1 Nevertheless, when one takes account of the possible heterogene ity across agents, the utility loss increases dramatically for high co efficients of relative risk aversion. Moreover, for the same coefficient of relative risk aversion for both types of consumers, the value of loss measure L3 is more than 10 times larger than those of loss measure L 1 • In the limit, when the permanent income consumer is less risk 15Campbell and report standard deviations between income and consumption for six developed countries that range between 0.024 for the US to 0.094 for Japan.
averse than the current income consumer, the value of loss measure L3 is 125 times larger than the loss measure L 1 • Therefore, on average, liquidity constraints do not account for large welfare losses, since the constraint is not binding for most of the consumer population and the standard deviation between con sumption and income is relatively small. Yet these costs increase considerably when one takes account of the possible heterogeneity across agents. (b) The percentage of the consumer population that is constrained to consume at their current level of income, however, is low (32%) when compared to the US (50%), for instance. This result can be explained by the fact that the existence of an active market for indexed assets allowed consumers in Brazil to spread income over the short term horizon at a very low cost and risk.
(c) The magnitude of the intertemporal substitution effect is signif icant only when we account for liquidity constrained consumers, and, even in this case, it is smaller than one. This suggests that there is both a substitution and an income effect associated with higher real interest rates. The income effect is credited to the large holdings of indexed assets by the consumer popula tion which allowed them to earn an income on their buffer stock saving. Finally, the fi fth column reports the coefficient of correlation (R2), which was not reported above for lack of space in Ta ble 1 above.
The results are reported in Table AI , along with the critical values, and show no evidence of dynamic misspecification. The LM test for 4 t h order autocorrelation accepts the null of white noise er rors, and the Jarque-Bera test for normality accepts the hypothesis of normality of the regression disturbances. There is no evidence of dynamic ARCH effects, and White's test heteroscedasticity accepts the null hypothesis of constant variance. 
